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NGHIEN CUU ANH HUONG CUA TRO BAY PEN NHIET THUY HOA
VA CUONG PO NEN CUA VUA
STUDYING THE EFFECTS OF FLY-ASH ON HEAT OF HYDRATION
AND COMPRESSIVE STRENGTH OF MORTAR

DPoan Viét Long, Nguyén Vin Huéng, Vo Thi Thu Hién
Trwong Pai hoc Bach khoa, Pai hoc Pa Nang; dviong@dut.udn.vn

Toém tat - Tro bay dwoc tao ra do qua trinh dét chay than cla céc
nha may nhiét dién, 1a phé pham cong nghiép gay 6 nhiém moi
trwdng. Viée str dung tro bay d& thay thé cho mét phan xi mang
s& gop phan tiéu tan phé pham nay dong thoi cai thién tinh chét
clia bé tdng va mang lai hiéu qua kinh té. Nham nghién ciru &nh
hwéng cla tro bay dén dén lwgng nhiét sinh ra trong quéa trinh
thdy héa xi méng va cudng dd, nghién cliru da thay thé mot phan
xi mang (10%, 20% va 30%) bang tro bay. Cac thi nghiém do
nhiét thij héa va xac dinh cwéng d6 nén clia mau viva dwoc thuc
hién & cac thoi diém 3, 7 va 28 ngay. Két qua dat dwoc chi ra
rang: vai ty lé thay thé 10% lwong nhiét sinh ra do thdy héa giam
nhe va cwong d6 & thoi diém 28 ngay phat trién cao hon so voi
mé&u chi chira xi mang; véi lwgng thay thé 30% lwvgng nhiét sinh
ra giam dang k&, tuy nhién cwong do ciing gidm nhiéu so véi mau
ddi chirng.

T khoa - Tro bay; xi mang; phu gia khoang; nhiét thiy hoa;
cwong do nén; CMH-062.

1. Dit véan dé

Ban chét thuy hoéa cua xi mang thuc chét 1a mot
chudi cac phan ting hoa hoc toa nhiét. Xi ming cé chira
cic thanh phan chinh 1a C,S, C3S, C;A, C4AF va
CaS04.2H,0 khi tiép xuc v6i nude trong qua trinh ché
tao bé tong gdy nén cac phan tng hda hoc sinh ra nhiét
lwong. Nhiét thay hoa cua xi ming phu thudc vao nhiéu
yéu t6 nhu: thanh ph?m héa hoc, d6 min, ty 1& nudce/xi
mang, nhié¢t d6 moi truong thuy hoa, phu gia hoa hoc,
phu gia khoang,... [1]. Nhiét sinh ra do hydrat xi mang
12 mot trong nhitng nguyén nhén chinh gay ra hién tuong
nt do nhiét hay tan cong ndi sun phat trong bé tong, dic
biét 1a két céu bé tong khdi 16n [2, 3]. Trong linh vuc
cong nghé¢ vat li€u, viéc nghién ctru ra loai xi méing sinh
ra nhiét thuy hoa thép, tao ra bé tong cuong do cao ludén
dugc cha trong dau tw. Mot giai phap nhim giam luong
nhiét thuy hoa cia xi mang la thay thé mot phan xi ming
bang cbt liéu min khéc it toa nhiét trong thanh phan cia
bé tong da dugc nghién ctru ap dung. Tro bay va
puzolan 1a hai vat liéu it toa nhiét va thuong dugc su
dung nhu phu gia khoang hoat tinh thay thé mot phan xi
mang trong cip phoi bé tong. Cac nghién ciru [4-9] da
chi ra ring viéc ding cac vat liu thay thé nay c6 thé
mang lai cac hiéu ich:

- Giam 6 nhiém moi trudng, giam nhién liéu (ning
lugng) tiéu thy;

- C6 thé cai thién dang k& mot sb tinh chit co ban cta
hdn hop vita va bé tong. Cu thé: cai thién kha nang thi
cong, giam phén tang, giam tach nudc; c6 kha nang wuc
ché tac hai do phan ung kiém cdt ligu, tan cong sun-phat
va tin cong axit; giam nhi¢t do hydrat xi mang (rét co y
nghia ddi v6i bé tong khéi 16n hay bé tong thi cong trong

Abstract - Fly ash, generated during the combustion of coal in
electric power generation plants, is an industrial by-product which is
recognized as an environmental pollutant. The use of fly ash to
replace a partial cement will contribute to dissipating this waste,
simultaneously improving the properties of concrete and economic
efficiency. In order to study the effects of fly ash on the strength and
heat of cement hydration, the author replaced a partial cement of
10%, 20% and 30% with fly ash. The experiments measuring the heat
of hydration and determining the compressive strength of the mortar
samples were carried out at the time of 3, 7 and 28 days. The results
show that with the replacement rate of 10%, the heat of hydration
decreases slightly and the compressive strength on 28 days is higher
than that of the plain cement samples; with the replacement rate of
30%, the generated heat and the compressive strength decrease
dramatically compared with that of the reference samples.
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diéu ki€n méi truong nhiét do cao);

- Gidm gia thanh bé tong.

Tro bay dugc tao ra do qué trinh d6t chay than dé san
Xudt nang lugng clia cac nha may nhiét dién. N6 dugc xem
1a phé pham cong nghiép gay 6 nhiém moi truong. Do do,
viéc nghlen ctru st dung loai phé thai cong nghiép nay dé
thay thé mot phan xi mang s& mang lai nhiéu loi ich (mdi
trudng, k¥ thuat va kinh t&). Tuy nhién, chinh su thay thé xi
mang boi tro bay voi lugng khong phu hop 1a nguyén nhan
gdy nén hién tuong suy giam cuong do va toc do phat trién
cuong do cia bé tong. VAn dé dit ra 1a cAn phai xac dinh
duogc cap phdi phu hop dé vira théa méan yéu ciu vé an toan
nhiét, vira dap tmg duoc yéu cau vé cuong do.

Dé nghién ctru anh huong cua tro bay dén su téa nhiét
do qué trinh thuy hoéa va cudng d9, ching t6i da su dung
tro bay dé thay thé mot phin xi ming ¢ cac mirc 10%,
20% va 30%. Cac thi nghiém xac dinh nhiét luong, cudong
d6 nén tién hanh trong thoi doan 28 ngay (6 cac thoi diém
3,7, 28 ngay) da dugc thyc hién.

2. Nghién ctru thuc nghiém
2.1. Vit liéu thi nghiém

- Xi mang (PC): Sir dung xi mang Vicem Hai Vén
PC40, san xuat tai thanh pho Pa Nang, tinh chat héa - ly
cua n6 phu hop véi TCVN 2682:2009.

- Nude (N): Nude ding dé tron vita va hd xi mang la nude
thuy cuc, loai nudc nay phu hop voi TCVN 4506: 2012.

- Cat (C): Sur dyng cat song Tay Loan tai Hoa Phong —
ba Nﬁng. Cac chi tiéu cot liéu xac dinh theo TCVN
7572:2006, duong thanh phan hat cua no6 tuong ing nhu &
Hinh 1. Loai cat nay phu hgp voi TCVN 7570:2006.
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Hinh 1. Puong thanh phan hat ciia cat

- Phu gia tro bay (FA): Sir dung tro bay Formosa dugc
cung cip boi Cong ty C5 phin Pau tu va Tiép van Mé Koéng.

Bang 1. Thanh phdn héa ciia tro bay Mé Kéng

STT Tén chi ti¢u (% tflljorri(:nlré({rllﬁqng)
1 SiO2 52.6
2 ALOs 26.5
3 FexO3 3.78
4 CaO 0.28
5 Na,O 0.21
6 | €10) 2.84

2.2. Thiét bi va dung cu thi nghiém

Bao gom cac thiét bi do nhiét thily hoa clia xi miang va
thiét bi xac dinh cuong d6 nén mau vira.

- Thiét bi do nhiét thily hoa

Céc thiét bi va dung cu chinh phuc vu cho thi nghi¢ém gé)m:

+ May do nhiét thay hoa CMH-062, xuat xir: UK, gdm
cac bd chinh (Hinh 2): hop cach nhiét (dam bao cach nhiét
bén trong binh téc mot va moi trudng bén ngoai), binh téc
mot, may khuay, nhiét ké Beckmann c6 d9 chinh xac dén
0.01°C va cac dung cu khac phu hgp véi TCVN 6070:2005.

b i

Hinh 2. May do nhiét thuy héa xi mang CMH-062
+ Hoéa chat thi nghiém: kém oxit (ZnO), axit nitric
(HNOs) nong do 2N, dung dich axit flohydric (HF) nong
d6 38%+40%, parafin, ax&ton va nudc tinh khiét.
- Thiét bi x4c dinh cwong do miu vira
+ May trn vira dung tich 5 lit;
+ Khudn duc vita 4x4x16 cm?;

+ May thtr nén udn vira loai Matest E160-01D, thi
nghiém phu hgp voi TCVN 3121:2003.

2.3. Ngi dung thi nghiém

- Thi nghiém xac dinh nhiét thiy hoa

Thyc hién thi nghiém do nhiét thily héa ddi véi ho xi
ming (PC) va hd ciia cac hdn hop chéit két dinh (90PC-
10FA: 90% xi mang va 10% tro bay, 80PC-20FA: 80% xi
mang va 20% tro bay va 70PC-30FA: 70% xi mang va 30%
tro bay), voi ty 1é nudc /chit két dinh khong doi 0.4. Nhiét
thuy hoa duoc do ¢ cac thoi diém 3 ngdy, 7 ngay va 28 ngay.

Nhiét hoa tan cua chét két dinh dugc xac dinh thong
qua thi nghiém phu hgp véi TCVN 6070:2005 [10] va
tiéu chudn ASTM C168 [11]. Nguyén tic ctia phuong
phép 1a do nhiét hoa tan cua xi mang kho (Qo) dugc xac
dinh theo cong thue (1) va cla xi mang thiy hoa sau n
ngay (Q.) duoc xac dinh theo cong thirc (2), hidu s6 Qo —
Qn (3) 1a nhiét thuy hoa cua xi mang sau thoi gian thuy
héa n ngay (Hinh 3) [10, 11].

0, =928 L gar, )
0
0, =SB 1 gaT, )

V6i: Cy- nhiét dung riéng cta nhiét lugng ké (kJ/kg°C);
ATg- muc tang nhiét cua giai doan hoa tan (°C);
Mo, M, - 1a khoi lugng mau chat két dinh sau nung (kg).

H(kI/kg)
Q,
Q.
H,
t (ngay)
Hinh 3. Nguyén tic xdc dinh nhiét thity héa
Céc budc tién hanh [10]:

- Buéc 1: Chuén bi miu hd xi ming (PC) va hd chét
két dinh (90PC-10FA, 80PC-20FA va 70PC-30FA);

- Bude 2: Kiém tra kha niang cach nhiét ctia binh téc
mot va xac dinh nhiét dung riéng Ci (hang sO may) cua
nhiét lugng keé;

- Bude 3: Xac dinh nhiét hoa tan ciia chét két dinh ing
voi tiing truong hop thi nghiém.

Céc thong sd thi nghiém duoc thong ké xtr Iy va kiém

tra, dam bao cac yéu ciu vé sai sb cho phép dwoc néu
trong TCVN 6070:2005.

- Thi nghiém do cwong dj vira

Thi nghi€ém xac dinh cuong d6 nén mau vita tuan theo
TCVN 3121:2003 [12]. Nghién ctru nay da thuc hién trén
bon cap phoi véi thanh phan nhu ¢ Bang 2. Két qua nén
dugc thuc hién 6 cac thoi diem 3 ngay, 7 ngay va 28 ngay.

Bing 2. Cdc thanh phan cdp phéi vita

Thanh Ky hi¢u cép phdi
phan PC [90PC-10FA|80PC-20FA| 70PC-30FA
XM (g) 500 450 400 350
FA (kg) 0 50 100 150
Cit (g) 1375 1375 1375 1375
N (g) 250 250 250 250
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3. Két qua va ban ludn

Két qua xac dinh nhiét thiy hoa ¢ cac thoi diém 3
ngdy, 7 ngay va 28 ngay cho cic mau ho xi ming (PC) va
ho ciia chat két dinh (90PC-10FA, 80PC-20FA va 70PC-
30FA) duogc théng ké nhu & Bang 2. Dé thay rd duoc xu
huéng cta qué trinh sinh nhiét do thuy hoa chét két dinh
theo thoi gian cling nhu so sanh nhiét sinh ra cua cac cAp
phéi & cac thoi diém, két qua dugc chung t6i thé hién
tuong ung trén cac Hinh 4 va Hinh 5.

Bing 3. Nhiét thity héa ciia chdt két dinh tai cdc thoi diém

3 ngay, 7 ngay va 28 ngay

-y Tong | hiét thity hoa (kJ/k
STT | Chitkét dinh |—ongluong nhict thuy héa (kl/kg)
3 ngay 7 ngay 28 ngay
1 PC 362.0 394.6 418.1
2 90PC-10FA 335.1 3753 409.1
3 80PC-20FA 3284 357.5 381.1
4 70PC-30FA 275.1 308.0 330.1
420 ————————
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Thoi gian (ngay)
Hinh 4. Qua trinh sinh nhiét thuy hoa theo thoi gian

Mai gia tri cuong d6 nén 1a tri sd trung binh cia sau
miu nén (ba miu 4x4x16 cm?) ciia bon cap phdi vira,
duogc thuc hién & cac thoi doan, & cac thoi diém 3 ngay, 7
ngay va 28 ngay, duoc thé hién nhu ¢ Hinh 6. Ngoai ra,
dé thiy dugc mbi lién hé giira ty 1€ thay thé tro bay cho xi
mang anh hudng dén sy phat trién cudng do nén, két qua
con duogc thé hién nhu ¢ Bang 5.
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Thei gian (ngay)
Hinh 5. So sanh nhiét thiy héa ¢ cdc thoi diém
Bing 4. So sanh tri 50 gidm tuyét doi va tirong déz; nhiét thuy
hoa cuia mdu chat ket dinh PC+FA so voi mau PC

C A NPT Loai mau
STT Tri s0 giam tuyét doi va 90PC S0PC Z0PC
t 01 & cac thoi dié B - -
wong doi ¢ cac thoi diém 10Fa | 20FA | 30FA
. kJ/kg -26.9 -33.6 -86.9
1 3 ngay .
Ty 1€ (%) -7.4 93| -24.0

. kJ/kg -19.3 -37.1 -86.6

2 7 ngay PR
Ty 1€ (%) -4.9 94| -219
. kJ/kg -9.0 -37.0 | -88.0

3 28 ngay A
Ty 1€ (%) -2.2 -8.8 -21.0
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Cwimg df nén (MPa)
16.94

3
Thei gian (ngay)

Hinh 6. So sanh phdt trién cwong dé nén cia cdc mau

Bdng 5. So sanh tri 56 thay d6i tuyét déi va tiong doi i cuong do
nén ciia mdu vita chat két dinh PC+FA so véi mau PC

Tri sb thay giéi tuyét dbi Loai miu

STT | vatuongdoiocacthoi | 90PC- | 80PC- | 70PC-
diém 10FA | 20FA | 30FA
. Mpa -1.4 2.1 -3.3

1 3 ngay N
Ty 1€ (%) -15.2 -234 | -369
. Mpa -0.2 -2.3 -3.8

2 | Tngay -
Ty 1€ (%) -2.1 -21.7 | -36.1
. Mpa +1.2 -3.3 -6.0

3 28 ngay PN
Ty 1€ (%) +6.9 -19.2 | -352

Céc két qua thi nghiém nhu da trinh bay trén day chi
ra rang: Trong thoi doan ba ngay, nhiét thuy hoa clia miu
chira 100% phat trién nhanh hon so v&i cac mau thay thé
mot phﬁn xi mang boi tro bay, hon nira tdc do toa nhiét
trong thoi thoi doan nay giam dan khi ting muc do thay
thé tir 10% dén 30%. That vy, nhiét thay hoa & thoi diém
3 ngay cua cic mau 90PC-10FA, 80PC-20FA va 70PC-
30FA so v6i miu ddi chimg PC giam di cac luong twong
ung 1a 7,4%, 9,3% va 24% (Bang 4). Tuy nhién, sau thoi
doan nay (két qua do ¢ 7 ngay va 28 ngiy) mau 90PC-
10FA nhiét thuy hoa sinh ra véi tbc d6 nhanh hon, thim
chi ¢ thoi diém 28 ngay gia tri nhiét thity hoa cia mau
thay thé 10% tro bay gan nhu twong tuong (chi nhé hon
2,2%) so v6i mau chi chira xi ming. Piéu ndy c6 nghia la
khi ty 1¢ thay thé 10% xi ming boi tro bay thi nhiét thuy
hoa sinh ra giam khong dang ké. Con dbi voi cac miu
80PC-20FA va 70PC-30FA nhiét thuy hoa sinh ra ¢ thoi
diém 28 ngay tuong tng 1a 8,8% va 21% so voi mau PC.
Két qua trén co thé duoc 1y giai nhu sau: Nhiét thuy hoa
ciia hdn hop chat két dinh 13 cong tac dung cua cac
phuong trinh hoa hoc toéa nhiét cua cac thanh phan cia xi
mang (CsS, C5S, C3A, C4AF, CaS04.2H20,...) voi nude
va phan mg pu-zo-lan-nic ciia SiO hoat tinh (chiém ty t¢
16n trong tro bay) v&i san phdm hydrat ctia xi ming
Ca(OH),, giai thich nay phu hgp véi cac nghién curu trudc
day [1, 3, 4, 5]. D6i v6i truong hop thay thé xi ming boi
tro bay voi lugng 16n (trong nghién cuu nay la 30%) thi
luong nhiét sinh ra do phan tng pu-zo-lan-nic khong bu
dép duogc luong nhiét giam di ra do luong xi ming bj thay
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thé, tham chi luong tro bay thira dong vai tro nhu chét tro
lam giam nhiét thuy hoa, didu nay co6 kha nang dan dén su
giam cudng do cia cAp ph01 vita hay bé tong.

Két qua thi nghiém vé cudng do nén cho thiy: Déi voi
cac miu c¢6 ham lugng thay thé xi ming boi tro bay tir 20%
tro 1én thi cuong d6 nén cang giam khi ty 16 thay thé cang
tang. Két qua nay phu hop v6i nhan dinh cua ching t6i ¢
phan trén. Di véi mau 90PC-10FA: O thoi diém 3 ngay
cudng do nén nho hon 15,2%, & thoi diém 7 ngay cudng do
nén chi nho hon 2,1%, trong khi do ¢ 28 ngay cuong do
nén vugt 6,9% so véi mau chira 100% xi mang Diéu nay
6 nghia 1a ty 1¢ thay thé 10% tro » bay cho xi méang c6 dan
dén sy ting cuong do nén ciia mau vita ¢ thoi doan sau 7
ngay. Két qua nay c6 thé giai thich nhu sau: Vi ty 1é thay
thé hop 1y (trong truong hop nghién ciru nay 1a 10%) thi
hiéu qua cua phan ng pu-zo-lan-nic (gitta SiO; hoat tinh
va portlandite sinh ra trong qua trinh thiy hoa C,S va CsS)
tao ra cac gen C-S-H thir cp (giéng nhu C-S-H tao ra do
thuy hoa C,S va Cs3S) lam tdng mat d6 C-S-H (lam min héa
chu trac 16 rdng) gop phin lam ting cuong d6 miu vira
hoac bé tong. Ngoai ra, tro bay chira mot luong 16n céc hat
siéu min hinh cAu déng vai trdo nhur ¢dt liéu nho s& gop phén
cai thién d6 rong cua vira hodc bé tong theo hidu ung lap
day s& gop phan cai thién cuong do cua bé tong.

4. Két luan

Bing thi nghiém xéc dinh nhiét thity hoa ciia hd xi ming
va cuong d6 nén ciia mau vira voi ty 1¢ thay thQ 0%, 10%,
20% va 30% xi mang béi tro bay ¢ cac thoi diém 3 ngay,
7 ngay va 28 ngay, bai bao dua ra mot so ket luan nhu sau:

- Vét li€u tro bay Formosa phu hop aé thay thé xi
mang trong thanh phan chét két dinh cua cap phoi bé
tong, gop phén giam luong nhiét thuy hoa, qua d6 giam
dugc nguy co gy nut né do nhiét cia két cau bé tong.

- Vit lidu tro bay 1a san pham phé thai cua cac nha
may nhiét dién, viéc tan dung nguon nguyén liéu phuc vu
trong nganh xay dung gitp tiét kiém chi phi san xuat va
bao v¢ moi trudong.

- Véi ty 1¢ thay thé 10% xi mang boi tro bay, tao ra
chat dinh két c6 cuong d6 twong duong ¢ thoi doan sau

7 ngay, thdm chi tang hon ¢ thdi doan sau, tuy nhién nhiét
thiy hoa giam di khong dang ké so véi chit dinh két
100% xi mang; v6i ty 18 thay thé tir 20% xi mang bai tro
bay thi nhiét thay hoa giam dang ké, tuy nhién kéo theo
n6 la sy giam dang ké vé cuong do.
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